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POLLINATOR PREFERENCES FOR YELLOW, ORANGE, AND RED FLOWERS OF 
MIMULUS VERBENACEUS AND ®: CARDINALIS 


Robert kK. Vicker, lee 


ABSTRACT.—Red, orange, and yellow morphis of Mimulus verbenaceus and M. cardinalis were field tested for pollinator 
preferences. The species are closely similar except that M. verbenaccus flowers have partially retlexed corolla lobes, whereas 
M. cardinalis flowers have fully reflexed corolla lobes. On the basis of over 6000 bumblebee and hummingbird visits, highly 
significant (p < .001) patterns emerged. Yellow, which is the mutant color morph in both species and is determined by a 
single pair of genes, was strongly preferred by bumblebees and strongly eskewed by hummingbirds in both species. Orange 
and, to a lesser extent, red were strongly preferred by hummingbirds but eskewed by bumblebees in both species. Thus, 
strong, but partial, reproductive isolation was observed between the yellow mutants and the orange- to red-llowered 


populations from which they were derived. Color—yellow versus orange and red 
in determining the preferences of the guild of pollinators in 


shape—partially reflexed versus fully reflexed corolla lobes 








appeared more nnportant than 


this particular test environment for Mimulus verbenaceus and M. cardinalis. 
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How much of achange in flower color and/or 
shape is enough to lead to a change in pollinators 
and hence to ‘reproduetive eolton and poten- 
tially to speciation? The flower color and shape 
morphs of Mimulis verbenaceus Greene and M. 
cardinalis Douglas provide an excellent system 
for addressing this intriguing question. 


MATERIALS 


Mimulus verbenaceus and M. cardinalis are 
typically bright red flowered and hummingbird 
pollinated. However, yellow-flowered morphs 
oceur in Af. verbenaceus, e.g., ina population at 
Vassey’s Paradise, Grand Cany on, Arizona, and 
in AM. cardinalis populations, e.g., on Cedros 
Island, Baja Califomia, Mexico, and in the 
Siskyou Mountains, Oregon. My experimental 
hybridizations show that y rellow ‘is due to asingle 
pair of recessive genes that limit the floral 
anthocyanins to small dots in the corolla throat. 
Intermediate, orange-flowered forms are 
known in M. verbenaceus, speci ifically the pop- 
ulation at Yecora, Sonora, Mexico. And, an 
intermediate, orange-flowered form of M. car- 
dinalis was obtained by repeated cycles of selec- 
tion. In both eases orange is due toa single pair 
of quantitative genes that reduce the amount of 
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anthocyanin pigments in the corolla lobes. 
Thus, parallel series of red, orange, re i 
color forms are available for both M. ver- 
benaceus and M. cardinalis (Table 1), 

Mimulus verbenaceus and M. cardinalis are 
similar, closely related species in section 
Erythranthe (Grant 1924); however, their flow- 
ers differ in shape. Those of M, verbenaccus 
have only the upper pair of corolla lobes sharply 
reflexed, giving the flowers a partially tubular 
aspect. The aiid pair of lobes and the labellum 
curve gently fonvard forming a bee landing plat- 
form. low ‘ers of M. kardaetis have both the 
upper and side corolla lobes sharply reflexed, 
giving the flowers a fully tubular shape. The 
labellim is thrust fonvard and is folded on itself 
forming a ridge instead of a landing platform. 
Shapes of the flowers of both species would 
seem to invite hummingbirds. Flowers of M. 
verbenacens but not those of AM. cardinalis 
would appear adapted for bees as well. How- 
ever, flowers of all three color morphs of both 
species showed no reflectance pattems in the 
ultraviolet, that is, no putative bee nectar 
guides. Thus, flower shapes of Af. verbenaceus 
and AM. cardinalis are similar in some respects 
but differ in others of potential significance to 
pollinators. 


145 


146 
PLAN 


The effect of flower color and flower shape 
on pollinator preferences will be addressed 
stepwise. First, pollinator preferences for 
color—red, orange, and yellow—will be ascer- 
tained for M. verbenaceus plants only, holding 
flower shape constant. Second, red-, orange-, 
and vellow-flowered M. cardinalis plants will be 
added to the experiment. Are pollinator prefer- 
ences for red, orange, and eee flowers of AL. 
cardinalis the same as for those of the AL ver- 
benaceus series? Note that the pigments are 
identical (Vickery 1978). Or, does the difference 
in corolla shape between the two species lead to 
a difference in pollinator preferences? 





METHODS 


Seeds for each of the six populations of the 
study (Table 1) were collected in the wild or 
harvested from transplants brought into the 
greenhouse except those of orange M. car- 
dinalis, which were obtained by ealecnians A 
large population of red M. cardinalis from 
C Edn Island was grown and the most orange- 
red flowered plant ‘self-pollinated. [ts progeny 
included several orange-flowered plants. Prog- 
eny of these plants were grown and found to 
breed true for or ange aml were used as the 
source of seeds for the orange M. cardinalis 
morph. . 

Seeds of the six populations were sown in 
early April 1988 in the University of Utah green- 
house, following which seedlings were anes 
planted into 4" plastic pots aad grown to 
flowering. Pots were placed in plastie trays to 
facilitate bottom-watering, plants bemg ran- 
domly arranged as to flower color. 

When plants began flowering, they were 
moved outdoors to test pollinator - preferences es 
Instead of using Red Butte Canyon Gite 
Research Area as before (Vicke By 1990), with its 
relative paucity of pollinators, T scattered the 
plants on a lawn adjacent to native gambel oak 
clumps at the mouth of Parley’s Canyon of the 
Wasatch Mountains in an area rich in pollina- 
tors. Some 50 to 100 plants of each color morph 
of M. verbenacens made up the artificial popu- 
lation of the first part of the e xperiment. Some 
50 to 100 plants of red and of orange Mf. car- 
dinalis plus 20 plants of yellow M. ee ee all 
that were available) were added to the M. ver- 
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TABLE L. Origin of populations studied. 





Mimulus verbenaceus Greene 
Vassey’s Paradise, Grand Canyon, Arizona, USA, elev. 
~ 650m 
Red morph = culture number 14,085 
Yellow morph = culture number 14,059 
Yecora, Sonora, Mexico, elev. ~1,550 m 
Orange = culture number 13,256 


Mimulus cardinalis Douglas 
Isla Cedros, Baja California, Mexico, elev. ~ 100 m 
Red morph = culture number 13,106 
Yellow morph = culture number 13,250 
Orange = culture number 13,249 
(obtained by selection from the red morph) 





benaceus plants for the second part of the exper- 
iment. 

Pollinator visits to the flowers were observed 
and recorded for an average of 114 hours per 
observation period for 15 periods for each of the 
two parts of the experiment (Tables 2, 3). Time 
of day of the observations was varied to be sure 
of noting all the different kinds of visitors. To 
count as a visit, a hummingbird had to thrust its 
beak into a flower. A Wes had to land on the 
flower and crawl into the flower far enough to 
brush the stigma and anthers. A fly, butterfly, 
etc., had to walk on the reproductive structures. 
The numbers of flowers rather than plants of 
each color of each species were recorded for 
each observation period. 

For analysis of visits, chi-square tests were 
run for each observation period for each part of 
the experiment. The null hypothesis was that 
hummingbirds or bumblebees (very few flies, 
buttertlies, etc., visited the flowers and were not 
listed) would visit the three colors of flowers of 
M. verbenaccus in the first part of the experi- 
ment and the three colors of Mo verbenaceus 
and M. cardinalis in the second part of the 
experiment in proportion to the numbers of 
those flowers in the experimental population 
(Tables 2, 3). If the overall chi-square value for 
a period of, for example, bee visits to M. ver- 
benaceus or huminingbird visits to M. cardinalis 
incticated a Sei ony deviation from expected 

values, then the frequency of visits to each color 
was inspected. Those high or low enough that 
their term in the chi-square equation was large 
cnough by itself to produce a significant devia- 
tion at the 5% level were considered to be 
significant (Tables 2, 3). 
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MIMULUS POLLINATOR PREFERENCES 


TABLE 2. Pollinator preferences for red, orange, or yellow flowers of Mimulus verbenaceus in LOSS, 


Monthi:day:time 


7201630 
7:29:0745 
7:30:07 10 
§:02:1640 
§:03:0630 
§:03:1540 
§:04:06-40 
§:05:0715 
§:05:1645 
§:05:1530 
§:06:0540 
§:06:1445 
5:06:15 10 
§:07:1515 
8:08:0725 


Numbers of [lowers 


Red 


4S 
36 
46 
85 
2 
120 
S6 
120 
126 
126 
126 
126 
130 
130 
11s 





Oran ge 


“T or J = significantly high or low: see text 


TABLE 3. Pollinator preferences for red, orange, or yellow flowers of M. verbenaceus and M. cardinalis in 1988. 


Month ay: time 


S:0S: 1600 
$:09:0750 
§:09: 1705 
S:10:0815 
S:10: 1640 
§:11:0810 
§:12:0S05 
§:12:1700 
§:13:0555 
§:13:1500 
§:14:0S15 
§:15:07-40 
§:15:1 700 
$:16:0S830 
§:17:0630 


§:05: 1600 
§:09:0750 
§:09:1705 
S:10:0S15 
8: 10: 16-40 
$:11:0810 
8:12:0S05 
6:12:1700 
8:13:0855 
§:13: 1800 
8:14:08 15 
§:15:0740 
$:15: 1700 
§:16:0830 
§:17:0630 


Yellow 


Number of flowers 


Red 








Orange Yellow 
92 132 
oe 116 
73 116 
90 143 
3O 143 
$3 lie 
ioe 19S 
Ne) 19S 
83 lis 
S7 [5 
SI 165 
94 183 
94 183 
Tye 53 
S6 177 
47 6] 
45 sb pd 
415 oO 
39 Oe 
39 93 
55 12 
Bl IS 
at tS 
42 14 
St 14 
69 15 
val is 
TI 15 
78 24 
79 1s 


Sor J = significantly high or low, see text. 





Bumblebee visits 





Red Orange 


25). 523) 


30 


Bumblebee visits 


50 


Yellow 


19sl 


P 


<.001 
<.200 
<.010 
<.001 
<.001 
<.001 
—=0U] 
<.00] 
<.00I 
< 001 
<.001 
<.001 
<.001 
<.001 
<.001 
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Elummingbird visits 


Red 


Orange Yellow  P 


3 


0 
29 
70 
agi 
361 

183 
170 
281 





<.100 
<.010 
<.0O10 
<.010 
<.001 
<.001 
<.001 
<.001 
<.001 
<_Ot)] 
<.001 
<.001 
<.00] 
< O01 
<.001 





Hummingbird visits 





Red Orange Yellow P Red Orange Yellow  P 
Mimulus vcerbenaceus 

re 625 62T <.001 23 407 34 <.001 
161 36 t31T <.001 70 TOT ISL <.001 
oY PAGE ej ea | (rt 167T 351 <.001 
Sale 129) 1I90T <.00]1 13 10 3  <.00! 
It 56 9027 -=.001 4OL SOT 381 <.00] 
S4l 1067 237T <.001 60 50T OL <.00] 
961 OT 160 = <.001 196 166T 991 <.001 
Beh QL 1207 <.001 16S l47T 163 <O001 
54! 66 172T <.001 HS 63T 56l <.001 
31 Als’ 1607 2001 44 uA) 2) <.001 
27 at 162T <001 71 Ci) 24) 00) 
391 36 I6G7T <.001 Bl 37 388 <.010 
af 3 50T <.001 7 2 2 <.300 
jal Sl 74T <.001 21 307 QL <.001 
ot 6 eS) ee 66 72T §=6—©96L —<.001 
Minulus cardinalis 

361 59 SOT <.001 25 3 IL <.00] 
Hal an 347 “<1 6] 36 OL <.00] 
1S S 227 <.001 137 LI7T) AL <.001 
49 59 296 = <.010 | 6 0 <.100 
45 tol IST >= 00 Sl 53 12) <.010 
rare 62 49T <.001 34 20) 0 <.020 
33 26 34T <.001 63 957 13. <.001 
IS S 10 == 050 130 SS 91 <.100 
20 40 17 = 010 59 4] OL <.010 
a8 I 16T <.001 QI] g? Pe 222 200 
39 a4 OT <.001 | 52 31 <.020 
20 33 26T <.001 55 5S 0b =001 
{3 4 6T <.010 1] 2.4 GO.) = 010 
ISL A | 34 =< 001 34 Feu OL <.00] 
19L 47 12 <.00! 20) Sst 4t <.001 
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Pollinators showed clear, very highly signifi- 
cant (p < .001) preference for or avoidance of 
vellow flower color, but less clear preferences 
for or avoidance of orange or red flower colors. 
Bumblebees principally Bombus appositus and 
B. huntii—strougly preferred yellow in both M. 
verbenaceus and M. cardinalis. Difference in 
shape did not appear to matter. Humming- 
birds—principally  Selasphorus plat ycerus— 
HB ongly eskewed yellow in both species (Tables 

23 ‘Again, difference in shape did not appear 
ia inatter. 

Hummingbirds significantly (p < .001) pre- 
ferred orange M. verbenaceus flowers and 
showed a tendency to prefer orange M. car- 
dinalis flowers as well (Tables 2, 3). This prefer- 
ence for orange over red flowers should not have 
been surprising in view of the fact that orange 
and red are equally conspicuous to humming- 


birds (Grant and Grant 1968, Raven 1972). 
Strong preferences and aversions for yellow 

are particularly interesting because yellow i is the 

mutant color in both species. So, a new yellow 
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mutant of either species would be preferentially 
visited by bumblebees and preferentially 
avoided by hummingbirds, but not in all-or- 
none reactions. Apparently then, with the spe- 
cies of pollinators tested, we are seeing the 
establishment of real, but partial, reproductive 
isolation due to the mutation of a single pair of 
color genes. 
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